Nanoporous silicon particles (pSi), with a pore size in the range of 20~60 nm, were modified with polyethyleimine (PEI) to yield pSi-PEI particles, which were subsequently complexed with siRNA. Thus, pSi-PEI/siRNA particles were fabricated, with the PEI/siRNA nanocomplexes mainly anchored inside the nanopore of the pSi particles. These hybrid particles were used as carriers to deliver siRNA to human breast cancer cells. Due to the gradual degradation of the pSi matrix under physiological conditions, the PEI/siRNA nanocomplexes were released from the pore interior in a sustained manner. Physicochemical characterization revealed that the released PEI/siRNA nanocomplexes exhibited well-defined spherical shape and narrow particle size distribution between 15 and 30 nm. Gene knockdown against the ataxia telangiectasia mutated (ATM) cancer gene showed dramatic gene silencing efficacy. Moreover, comprehensive biocompatibility studies were performed for the pSi-PEI/siRNA particles both in vitro and in vivo and demonstrated that the pSi-PEI particles exhibited significantly enhanced biocompatibility. As a consequence, PEI-modified porous silicon particles may have substantial potential as safe and effective siRNA delivery systems.
Introduction
In order to reap the full benefits of RNA interference (RNAi)-based therapy, effective siRNA delivery systems are highly desireable. It has been evidenced that non-viral siRNA delivery systems are superior to their viral counterparts, due to easy preparation, lower cost, enhanced biocompatibility, and improved biosafety [1] [2] [3] [4] [5] [6] [7] [8] [9] . In particular, mesoporous silica nanoparticles (MSNs), with a typical pore size in the range of 2~10 nm, have demonstrated promise as carriers for nanomedicine, including nucleic acid, among others [10] [11] [12] . Nanoconstructs, typically formed via self-assembly between oppositely charged species, i.e., a nucleic acid and a cationic polymer, are installed or adsorbed outside the mesopore as "nanogate" to prevent small molecules (i.e., anti-cancer agent) entrapped inside the mesopore from leaking out. Upon application of external stimuli, the nanogate dissociates releasing the small-molecule cargo inside the mesopore. It is recognized that the small pore of MSNs may hinder the efficient loading of larger biomolecules (i.e., nucleic acid or protein). Therefore, most of the studies, in which MSNs were used for nucleic acid delivery, have been focused on surface coating of the MSNs with a cationic polymer (i.e., PEI), allowing for complexation with anionic nucleic acid [11] [12] . It should be noted that since the polymer/nucleic acid complexes were adsorbed or anchored on the outer surface of the MSNs, these nano-constructs, which were self-assembled via electrostatic interaction, might be vulnerable to enzymatic degradation or even compromised upon injection in the systemic circulation.
In an effort to address such challenges induced by the small pore size, Na et al. recently managed to expand the pore size of the as-prepared small-pore MSNs, i.e., increased from 5 nm to 23 nm, by means of post-synthesis treatment of the small-pore MSNs [13] . Comparisons were made in terms of their applications as siRNA delivery systems between the two types of MSNs with different pore sizes. Results showed that increasing the pore size of MSNs could be a useful strategy towards the improvement of MSN-based siRNA delivery for in vivo applications.
Over the past few years, we have developed a series of nanoporous silicon particles (pSi) with a much larger pore size (i.e., with an average diameter of 20~60 nm) and have utilized such particles as multi-stage vectors (MSVs) for systemic delivery of therapeutic or diagnostic agents, including siRNA [14] [15] [16] [17] [18] [19] [20] [21] . Due to the bigger pore size, nanoconstructs packaged with therapeutics could be readily loaded inside the pore interior of the pSi particles to achieve sustained delivery to tumor tissues. In a typical MSV approach, charged nanoliposomes packaged with small molecule drugs or therapeutic siRNA are loaded into the pore interior of the pSi particles via electrostatic interaction and capillary force. Once inside the body, the pSi particles (or stage 1 particles) are gradually degraded and nanoliposomes (or stage 2 particles) are released from the pSi particles, thus achieving multi-stage release. This delivery system has such advantages as enhanced loading efficiency and easy tunablity in particle shape and size, allowing for efficient encapsulation of nano-sized species into the MSV in order to shield them from contacting with the unintended organs or cells, which leads to minimal toxicity and enhanced efficacy.
Moreover, investigating the effects of shape and size on the biological properties both in vitro and in vivo showed that in comparison to hemi-spherical pSi particles [22] , discoidal pSi particles exhibited enhanced properties towards their applications as effective carriers in cancer therapy, as evidenced from their increased surface area, improved biodistribution in multiple animal tumor models, among others. In view of the complex biological environment, i.e., presence of numerous charged species in the plasma and in tumor interstitium, it would be very useful to develop a loading strategy in which the siRNAcontaining nanocomplexes are anchored inside the nanopores of pSi particles in order to minimize the interaction between the siRNA-containing nanocomplexes and the charged biological species upon systemic administration of the resultant pSi particles. Upon gradual degradation of the pSi matrix, the siRNA-containing nanocomplexes can be released in a sustained manner such that favourable pharmacokinetics could be achieved. Additional feature rendered by such a delivery system is its versatility for multiple therapies, which is of dramatic clinical significance [23] .
Herein, we describe a platform, in which a cationic polymer, namely polyethyleneimine (PEI), is readily conjugated to the pore interior of pSi particles via straightforward chemistry, followed by electrostatic complexation with anionic siRNA to form PEI/siRNA nanoparticles. PEI has been widely used as non-viral delivery systems for nucleic acids [24, 25] . Upon gradual degradation of the pSi matrix under physiological conditions, PEI/siRNA nanoparticles are released from the nanopore confinement. The resulting nanoparticles are subsequently internalized into cells leading to gene silencing. The ataxia telangiectasia mutated (ATM) gene was chosen as the target gene to test this delivery system. We and others have previously shown that ATM plays an important role in cancer therapy [17, 26] .
Materials and Methods

Materials
All reagents and medium were obtained from Sigma Aldrich (USA), Lonza, or Promega (USA), and used without further purification. RNase-free H 2 O was supplied by Fisher Scientific (USA). siRNAs were synthesized by Thermo Scientific. All other chemicals and reagents were of analytical grade and were used as received.
Preparation of pSi particles
pSi particles were fabricated by electrochemical etching of silicon wafers in the Microelectronics Research Center at The University of Texas at Austin as previously described [27] . The pSi particles were oxidized with H 2 O 2 (30%) at 100°C for 2h to the -OH functionality on the surface. Subsequently, the oxidized pSi particles were reacted with 3-(triethoxysilyl)propyl isocyanate (TEIC) to yield the -NCO functionality [28] , which was subjected to conjugation of PEI in anhydrous ethanol. The mixture was rinsed with ethanol and centrifuged twice to remove unreacted chemical or PEI from the pSi particles.
Particle characterization
Zeta potential measurements and dynamic light scattering (DLS) were carried out using a Zeta Sizer Nano ZS (Malvern Instrument, UK). Particles were dispersed in PB buffer (pH 7.4) at a concentration of 0.5 mg/mL. The samples were mixed well by sonication for 10 s before analysis. Morphological observation was performed using Bruker MultiMode atomic force microscopy (Bruker, USA). Particle density was measured using a Multisizer 4 Coulter Particle Counter (Beckman Coulter, USA). Prior to the analysis, the samples were dispersed in the balanced electrolyte solution (ISOTON® II Diluent, Beckman Coulter, USA) and sonicated for 10 s to ensure a homogenous dispersion. Absorbance and fluorescence measurements were performed with BioTek Synergy H4 hybrid multi-mode microplate reader (BioTek, USA) using a Take3 Micro-Volume plate (BioTek, USA). Morphological studies were performed using scanning electron microscopy (FEI Nova NanoSEM 230) operated at 20 keV or a transmission electron microscopy (JEOL 2010) equipped with a CCD camera and operated at 120 keV.
In vitro transfection
MDA-MB-231 cells were seeded in 6-well microplates at a density of 2×10 5 cells/well and allowed to attach overnight in Dulbecco's Modified Eagle's Medium (DMEM) supplemented with 10% heat-inactivated fetal bovine serum (FBS). After the attachment, the culture medium was replaced with fresh DMEM without FBS. The as-prepared pSi-PEI/ siRNA particles were re-dispersed with DMEM to desired concentrations. 100 L of the diluted sample solution was added to each well, and the cells were incubated at 37 °C for 60 h under 5% CO 2 atmosphere. As a control, siRNA transfected with a commercial transfection reagent INTERFERin (Polyplus Transfection, France) was used, by following the manufacturer's instructions.
Confocal Laser Scanning Microscopy (CLSM) Observation
Confocal images were acquired at the ACTM Core facility of TMHRI, using a Fluoview 1000 laser scanning fluorescence microscope (Olympus, Japan) equipped with an oilimmersion 100× numerical aperture PlanS Apo objective. The cells were seeded on 35-mm dishes with a cover glass bottom (MatTek Corporation, Ashland, MA). In order to visualize the hybrid particles, Alexa Fluor 555-labeled siRNA was used. Identical protocol was employed for the siRNA transfection as that for the above-mentioned transfection experiments. After transfection for desired time intervals, the cells were washed twice with PBS and fixed with 4% paraformaldehyde in PBS. The nuclei and the endosomes/lysosomes were stained with DAPI and LysoTracker Green, respectively. Excitation wavelengths were 405 nm, 488 nm, and 543 nm, for DAPI, LysoTracker Green, and Alexa Fluor, respectively.
Western Blot
MDA-MB-231 cells were seeded in 6-well plates (2×10 5 cells per well). Identical cell culture conditions and siRNA transfection protocols as described above were followed. 60 h after the transfection, the cells was rinsed with PBS and harvested by trypsinization. The treated cells were washed and incubated with lysis buffer containing protease and phosphatase inhibitors. Protein lysates were recovered and the concentration was determined using a BCA assay (Thermo, USA). Then, protein lysates were mixed with SDS loading buffer and heated at 95 °C for 5 min. Samples were separated by electrophoresis with Mini-PROTEAN precast gels (Bio-Rad, USA) and transferred to nitrocellulose membranes (Bio-Rad, USA). Membranes were blocked for 1 h in 5% non-fat milk in Tris-buffered saline with 0.1% Tween-20, and subsequently incubated with desired primary antibody (Cell Signaling Technology, USA) overnight. After wash, they were incubated with HRPconjugated secondary antibody (Cell Signaling Technology, USA) for 1 h. Membranes were washed and protein bands were detected by enhanced chemiluminescence using a ChemiDoc XRS+ imaging system (Bio-Rad, USA).
Animal experiments
Female FBV mice (5-6 weeks old, 19-24 g, Charles River Laboratories, USA) were maintained in a VAF-barrier facility. Mice were randomly divided into 5 groups (n= 4) and received a single injection through the tail vein. In the single administration setting, each mouse was injected with 100 L of aqueous solution containing 15 g or 75 g of siRNA. Control mice were administered via i.v. injections of PBS and pSi-PEI complexed with scramble siRNA (pSi-PEI/Scr) at an identical siRNA dosage. Fifteen days after injection, full blood was collected for a complete blood test and biochemistry analysis. All animal work was done in accordance with a protocol approved by the Institutional Animal Care and Use Committee (IACUC) of Houston Methodist Research Institute in Houston, Texas.
Whole blood analysis
Blood samples were collected from mice fifteen days after the injection. The samples were analyzed for the number of percentage of total white blood cells (WBC), lymphocytes (LYM), monocytes (MONO), and granulocytes (GRAN). In addition, hematocrit value (HCT), mean corpuscular volume (MCV), red blood cells (RBC), hemoglobin content (HGB), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), and red cell distribution width (RDW) were determined.
Serum biochemistry
Sera were obtained from the blood samples mentioned above. Parameters related to hepatic function (i.e., aspartate aminotransferase (AST), analine aminotransferase (ALT), and alkaline phosphatase (ALKP)) and renal function (i.e., blood urea nitrogen (BUN) and creatinine) were measured.
Histological evaluation
The tissues were fixed in 10% formalin and embedded in paraffin. Tissue sections (5 m) were stained with hematoxylin/eosin (H&E). Microscopic analysis was performed. At least five random sections from each slide were examined.
Results and Discussion
Particle modification and physicochemical characterization
Pristine pSi particles, with -OH surface functionality, were modified with 3-(triethoxysilyl)propyl isocyanate (TEIC) to yield isocyanate functionality, which can readily react with the amine-containing PEI polymer (molecular weight: 25 kDa). The resulting positively-charged PEI-conjugated pSi particles (pSi-PEI) were complexed with negatively charged siRNA. Zeta potential measurements confirmed the success of each preparation step ( Fig. 1) , as evidenced by the results showing that the surface potential of the pSi particles varied in accordance with different surface functionalities.
SEM analyses were carried out for the pristine pSi, pSi-PEI and pSi-PEI/siRNA particles, as shown in Fig. 2a -c. The nanoporous pSi particles exhibited well-defined disc-like shape, with a diameter of around 1 m and a height of around 400 nm. The presence of nano-sized pores, with a pore size of between 30 and 60 nm, allowed for efficient encapsulation of siRNA-containing nanocomplexes inside the pore. In addition, TEM observation was performed on the pSi-PEI/siRNA particles ( Fig. 2d & 2e) . Due to the difference in electron conductivity between the semi-conducting silicon matrix and the insulating polymer layer, the TEM images further revealed that a thin non-conducting layer containing PEI/siRNA nanocomplexes was present in the pore interior as well as on the outer surface of the pSi particles, validating the notion of PEI/siRNA nanocomplexes being anchored onto the pSi matrix.
In addtion to electron microscopies, fluorescence microscopy was used to verify the formation of fluorescent pSi-PEI/siRNA particles. To this end, Alexa Fluor 555-labeled siRNA (AF-siRNA) was used to complex with pSi-PEI to yield pSi-PEI/AF-siRNA particles, which were visualized with a fluorescence microscopy. Fig. 2f shows that when excited with laser, the particles emitted significant red fluorescence, with a size around 1 m, thus confirming the presence of pSi-PEI/AF-siRNA particles.
Determination of loading efficiency
It has been recognized that the siRNA loading capacity is critical to the development of practical siRNA delivery systems [2] . To evaluate the loading capacity of the pSi-PEI particles, various amounts of siRNA were used to complex with a given amount of pSi-PEI particles. Centrifugation was performed at 14,000g to ensure the absence of free or unbound siRNA on the resulting pSi-PEI/siRNA particles. Encapsulation efficiency was calculated by the difference in optical density at 260 nm between the supernatant and the pre-loading siRNA solution. Moreover, surface potential measurement was performed to monitor the progress of the complexation between pSi-PEI and siRNA. Fig. 3 shows that the surface potential decreased with increasing siRNA loading until it reached a plateau, suggesting that all the cationic PEI chains were bound to the anionic siRNA. A complete complexation between PEI and siRNA enabled determination of the maximum siRNA loading efficiency for a given pSi-PEI particle. Due to the efficient complexation between the pSi-PEI and siRNA, a maximum of 70 g of siRNA could be bound to one billion of pSi particles.
Degradation of pSi matrix and sustained release of payload
To validate the notion of sustained release of payload anchored inside the nanopores, it was important to verify the structural integrity of the PEI/siRNA nanoparticles during the gradual degradation of the pSi matrix. To this end, the pSi-PEI/siRNA particles were dispersed in PBS and incubated at 37 °C for 24h to ensure complete dissolution of the pSi matrix. Centrifugation was performed and the supernatant was collected for further characterization.
First, morphological observation was performed using atomic force microscopy (AFM). Fig.  4a shows that the resultant PEI/siRNA nanocomplexes exhibited spherical shape with an average particle size ranging from 20 to 40 nm, which is close to the pore size of the pSi particles. The result supports the notion that the particle size of the PEI/siRNA nanocomplexes is governed by the steric confinement of the nanopores. Dynamic light scattering (DLS) measurements ( Fig. 4b ) reveal that the as-released nanoparticles exhibited a hydrodynamic diameter of around 120 nm, with a very narrow particle size distribution (PDI < 0.1). Note that the difference in the particle size obtained by AFM and by DLS is attributed to the different sample states required by the two characterization techniques, i.e., dry state (ca. 30 nm) vs. hydrated state (120 nm). The results obtianed from DLS measurements are in consistent with those obtained for the PEI/siRNA polyplex nanoparticles reported in the literature [30] , even though our particles are somewhat smaller than the latter, likely induced by the confinement effect of the pSi particles. They clearly demonstrate the advantage of a nanopore-templated siRNA delivery system, in which the integrity of the PEI/siRNA nanoparticles anchored inside the nanopores remains intact during the sustained release process.
Cellular trafficking
In order to gain better insight into how the siRNA-containing particles transport inside the cells, cellular trafficking study using fluorescence microscopy is expected to yield useful information. Cellular trafficking study of hybrid pSi-PEI/Alexa Fluor 555-labeled siRNA particles (or pSi-PEI/AF siRNA) was carried out. These particles were used for transfection with MDA-MB-231 human breast cancer cell line. Confocal laser scanning microscopy (CLSM) was performed 4h and 18h post-transfection. At 4h post-transfection, significant co-localization between the siRNA and the endosomal compartment, as revealed by the overlap between the red Alexa Fluor 555-siRNA and the green staining for the endosomal compartment ( Fig. 5a) , was observed. The result indicates that particles containing AF-siRNA were taken up by the cells via endocytosis.
Furthermore, cellular trafficking study by CLSM was performed for the as-released nanoparticles which were recovered after the degradation of pSi-PEI/AF-siRNA hybrid particles under identical experimental conditions as employed above. At 4 h posttransfection, confocal images were acquired by following the identical procedures for the prior CLSM observation. Fig. 5b demonstrates significant co-localization between the siRNA and the endosomal compartments, as seen by from the overlap in fluorescence signals respectively contributed from the labeled siRNA and the endosomal compartment.
The results are indicative of cellular internalization of the PEI/AF-siRNA nanoparticles released from the pSi matrix. At a longer time scale (i.e., 18h), lesser degree of overlap between the labeled siRNA and endosome/lysosome compartments was detected, accompanied by the presence of two separate fluorescence signals attributed to the individual species (Fig. 5c ). This data indicates that siRNA-containing particles may escape from the late endosomal/lysosomal compartments, thus exerting gene silencing effect.
Gene knockdown against ATM cancer gene by Western blot
Next, we investigated whether the internalized siRNA-containing particles could result in significant gene knockdown against the target cancer gene, ATM. RNAi efficacy was evaluated for the pSi-PEI/siRNA hybrid particles by performing Western blot analysis on MDA-MB-231 cells. Cells transfected with pSi-PEI particles complexed with scrambled siRNA (pSi-PEI/siSCR), PEI(25k)/siATM nanocomplexes, and siATM using a commercially available transfection reagent (i.e., INTERFERin) were used as controls. As shown in Fig. 6 , pSi particles containing scrambled siRNA did not induce any RNAi effect, demonstrating that gene silencing observed for the ATM gene occurred in a sequencespecific manner. In addition, concentration-dependent gene silencing effect was carried out. Dramatic gene knockdown was achieved at an siRNA concentration of 70 nM. The results clearly demonstrate the advantage of utilizing PEI-conjugated pSi particles as an effective carrier to deliver siRNA to human breast cancer cells.
In vitro biocompatibility evaluation
One of the major advantages of using a non-viral siRNA delivery system as opposed to a viral delivery system is its potentially superior biological safety. It has also been recognized that low or minimal toxicity is highly desirable for clinical applications [21] . The cytotoxicity of pSi-PEI/siRNA particles was assessed on MDA-MB-231 cells. MTT assay was performed 48h and 72h after the cells were exposed to the particles. The as-prepared hybrid particles exhibited no cytotoxicity for siRNA concentrations as high as 100 nM (data not shown), indicating significant biocompatibility in vitro. Taking into account the fact that almost complete gene knockdown was achieved at an siRNA concentration of 70 nM, the siRNA delivery system based on pSi-PEI particles is a promising candidate for the enhanced delivery of siRNA to cancer cells in general, and to breast cancer cells in particular.
After the hybrid pSi particles are administered into the bloodstream, they encounter a complex biological environment of plasma proteins and immune cells. Particle uptake by immune cells in circulation, such as macrophages, monocytes, leukocytes and dendritic cells, takes place through various pathways. Thus, it is important to evaluate the extent of response of macrophages to external stimuli. Evaluation of cytokine release was performed on RAW 264.7 mouse macrophage cells. Cells treated with polyinosinic-polycytidylic acid (Poly(I:C)) or PBS were used as control. Levels of two typical pro-inflammatory cytokines (i.e., TNF-and IL-6), indicative of an inflammatory process, were quantified 24 h after the cells were exposed to various pSi particles at three particle/cell ratios, such as 50:1, 100:1, and 200:1, which respectively corresponds to siRNA dosages of 25 nM, 50 nM, and 100 nM. Fig. 7a and 7b revealed that all three types of pSi particles, i.e., pSi, pSi-PEI and pSi-PEI/siRNA, exhibited similar level of cytokine release to the cells treated with PBS, suggesting that they did not induce any significant increase in cytokine release for the particle/cell ratios employed. This data further confirms the remarkable biocompatibility of the pSi particles.
The above-mentioned toxicity data was unexpected because PEI is known to induce cytotoxicity [24, 31] , specifically due to strong interaction between the cationic PEI and the anionic cell membrane. The lack of cytotoxicity from the hybrid delivery system may be related to the superior biocompatibility of the pSi matrix, which confers a "stealth" property for the PEI/siRNA nanoparticles anchored inside the pore. In accordance with those observations for the PEGylated PEI [29] , the stealth property indeed dramatically diminished or eliminated the direct contact between PEI and the cells when pSi-PEI/siRNA particles were applied. Only when the pSi matrix was degraded gradually, the PEI/siRNA nanoparticles could be released in a sustained manner.
It should be pointed out that such findings are in contrast to those observed for conventional PEI-based gene delivery systems, in which a large portion of free PEI chains indeed contribute to apparent cytotoxicity [31] . However, in the pSi-PEI conjugation approach described in this study, the free PEI was separated very efficiently and thus removed from the pSi-PEI particles by means of centrifugation, which in turn led to minimal toxicity. One additional advantage rendered by the pSi-PEI conjugation approach was the remarkable reduction of the initial release of PEI/siRNA nanocomplexes from the pore interior, in contrast to the traditional PEI-based siRNA delivery systems, which also accounts for decreased toxicity.
In vivo biocompatibility evaluation
In vivo biocompatibility evaluation was carried out by treating FBV mice with pSi-PEI particles complexed with siRNA (including siSCR or siATM) at a therapeutic dosage of 15 g or a supra-therapeutic dosage of 75 g per mouse. As shown in Fig. 8 , there was no body weight change or behavior change during a 15-day treatment period.
Fifteen days after the treatments, blood samples were collected for biochemical and hematological analyses in order to assess potential damage to major organs (i.e., liver or renal function) ( Fig. 9 ). In comparison to the PBS-treated group, there was no significant difference in biomarker activity or concentration, such as aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alkaline phosphatase (ALKP) for liver function (Fig.  9a) , and blood urea nitrogen (BUN) and creatinine for renal function (Fig. 9b ). Likewise, hematological analysis, including white blood cell (WBC), lymphocyte (LYMPH), granulocyte (GRAN), and monocyte (MONO), did not show significant difference between the control and the siRNA-treated groups (Fig. 9c) . These in vivo biocompatibility results are consistent with the in vitro results mentioned previously. In additon, the significant biocompatibility of the pSi-PEI particles as siRNA delivery system was demonstrated with the histological examination of the major tissues such as brain, heart, kidney, liver, lung, and spleen of the control and treatment groups. As shown in Fig. 10 , no apparent morphological changes were observed. Overall, this data is demonstrative of superior biocompatibility of utilizing pSi-PEI particles as effective siRNA carriers.
Conclusion
We have demonstrated that the PEI-conjugated pSi particles are promising candidates for the facile preparation of a non-toxic delivery system and enable sustained delivery of siRNA to human breast cancer cells. In vitro experiments showed that the resultant siRNAcontaining particles could be internalized into cells and effectively silence the ATM cancer gene. Furthermore, remarkable biocompatibility was observed both in vitro and in vivo. In addition to significantly simplifying the manufacturing process for the RNAi-based therapeutics, one important implication of this innovative strategy is that such delivery platforms can be easily adapted for a multiptude of clinical applications by merely adjusting the siRNA of concern. Therefore, such a universal the versatility of this siRNA delivery platform is expected to have great potential in personalized cancer therapy.
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Figure 1.
Zeta potential values of pSi particles with various surface functionalities. Surface potential changes as a function of input siRNA for a given amount of pSi-PEI particles. In vitro biocompatability evaluation by determination of pro-inflammatory cytokines secretion, including: a) TNF-and b) IL-6, using ELISA analysis (n=3). Blood chemistry analysis. Serum samples were collected from mice 15 days after treatment. Levels of a) hepatic enzymes such as aspartate aminotransferase (AST), analine aminotransferase (ALT), and alkaline phosphatase (ALKP); b) renal function biomarkers, including blood urea nitrogen (BUN) and creatinine; and c) hematological paremeters analysis, including white blood cells (WBC), lymphocytes (LYM), granulocytes (GRAN), and monocytes (MONO). Each value represents the mean±SD (n=4). Histological examination. Major organs were collected 15 days after injection, and evaluated for potential tissue damages by H&E staining. Representative images (10×) of brain, heart, kidney, liver, lung, and spleen from mice in the control groups (PBS and pSi-PEI/Scr 75 g) and the treatment groups (pSi-PEI/ATM 75 g) are shown.
Scheme 1.
Synthesis of pSi-PEI/siRNA hybrid particles.
